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It is found that the deviation of an effective potential from the quartic form is related to the metric 
and vector torsion dependencies of the effective potential in the vector torsion coupled conformally 
induced gravity. 



I. INTRODUCTION 



Q\ . It is considerable that gravity is characterized by a dimensionless coupling constant £ and that the gravitational 
0^ ' constant Gat is given by the inverse square of the vacuum expectation value of the dilaton field The weakness of 

gravity can be associated with spontaneous symmetry breaking at very high energy scale. The induced gravity action 
' in Riemann space is given by 



•S', /■/(<<: .'/.-.)= / 'l-.<\7]{ ^<f> 2 R({}) • Vio:g^\ . (1) 



o 

The effective potential V e f f {<!>', g p-y) for the dilaton field may be attributed to quantum fluctuations of the conformal 
\ factor or gauge fields coupled to the dilaton field || || . In any case, it is assumed that the effective potential attains 

■ its minimum value at = cr, then the above induced gravity action is reduced to the well known Einstein-Hilbert 
action with the gravitational constant, 

O 

| On the analogy of the SU(2) x U(l) symmetry of the weak interactions, we can consider a continuous symmetry 

■ which is broken through a spontaneous symmetry breaking in the gravitational interactions. The most attractive 
""^ ' symmetry is the local conformal symmetry which rejects the Einstein-Hilbert action, but admits the induced gravity 

^jH, action (gj) with the specific coupling £ = — ~ and the bare quartic potential. If we extend Riemann space to the 
minimal Riemann-Cartan space which has almost Riemannian structure with the additional vector torsion like a 

(3JT)! conformal gauge field jjj , the conformally induced gravity action can be written as follows g] ; 



S eff (4>;S a ,g^) = j d 4 Vs{-^({})r + 

-±H a pH a P + ±(l + 6OS a d a 2 + ±(l + 6OS«S a 2 -V eff (frS a: g Pl )} , (3) 

where = \T v vjl is the vector torsion and H^v — d^S u — d v S^ is the conformal field strength. This action 
(|J) is conformally invariant for arbitrary £ with the bare quartic potential jr<^ 4 - However, the effective potential 
V e ff((f>] S a ,gf3j) radiatively corrected by quantum fluctuations depends on the metric in general and breaks the local 
conformal symmetry. The radiative corrections of the bare quartic potential can give non-trivial minima and non- 
vanishing vacuum expectation value a to the dilaton field. This symmetry breaking in conformally induced gravity 
might be applied to the induced gravity inflationary models ||-|l0| . 

The quantum effects of the conformal factor for the dilaton field in conformally non-invariant induced gravity with 
torsion background have been considered in Ref. In the symmetry broken phase, the torsion vector gets the 

mass + 6£)<r, and the ratio of vector torsion mass M s and planck mass M p is 



M jL _ 1 (1 + 60 u . 



which is independent of the vacuum expectation value a of the dilaton field. Therefore, if + 6£) is small enough, 
it can be considered an approximate quantum gravity such that we treat the metric as a classical background and the 
vector torsion as a quantum field in the below plank energy scale Ea] . 
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II. EQUATIONS OF MOTION FOR CONFORMALLY INDUCED GRAVITY 



In this section, we analyze the classical equations of motion for the action Eq. ([}]). Varying the action, we obtain 
the following three equations of motion; 

□0 = + (i + ems^s, - V M 5") - ^//(^W ; (5) 

^ 2 G^ = ~{H^ a H v a - ^g^H al3 H a P) + (d^d^ - ^ 9tiv d a <f>d a <j>) + (1 + 6£)<f?(S„S v - \g^S a S a ) 
+(1 + 60(S^d^ + S v< j>d^ - g^S a 4>d a ^) + i{V^d v <t>) + V„(00 M 0) - g^atf} 

+ sv Veffw, ,9m) - 2 -q^, ■ I'J 



Taking the divergence of Eq. m) , we obtain 



(i + 60v„(s"^) = —a + + v - ^7 ■ ( 8 ) 



The trace of Einstein Eq. (0) is 

£i?({})0 2 = -d a <t>d a <t> - (1 + 6£)(S Q d Q 2 + S Q S"</> 2 ) - 3£D0 2 + 4V e// f>; 5 Q) ff/37 ) - 2 dVeff ^°' 9 ^ . (9) 



From Eqs.(||) and (^), we have 

^□^ + d a cbd a cj) + (1 + 6£)V Q (S Q 2 ) + 3£D0 2 = 

iV e ff{(t);b a ,g^)-(p — 2 ^-^ . (10) 

Using Eq.(||), we have a £ independent equation for a general effective potential from Eq.fl0|) as follows; 

iVeff&S^gfr)-* ^ -2 — g + V„ — . (11) 

Therefore the metric and vector torsion dependencies of an effective potential are directly related to the deviation of 
the effective potential from the quartic form. Needless to say, if we ignore the metric and vector torsion dependencies 
of the effective potential, then we encounter inconsistency of the classical equations of motion in case of the vector 
torsion coupled induced gravity. Because the relation (O) also appears in case of the special coupling £ = —1/6, 



where the vector torsion is decoupled from the dilaton, we can say that the Eq. (11) generally appears in conformally 
induced gravity model. 

The equation ( |TT| ) also requires that the metric independent bare effective potential should be quartic in the dilaton 
field. Because this constraint comes from the assumption that the bare action is conformally invariant except the 
potential term, if we consider non-conformal coupling in kinetic and interacting terms, there would be no such a 
constraint. 

It would be interesting if it can be explicitly realized that the effective potential including the quantum fluctuations 
of the vector torsion and the dilaton fields with non-vanishing vector torsion background satisfies the Eq.(ll) and 
shows a relevant phase transition in general background space-time leading to an inflationary phase through the 
conformal symmetry breaking. 
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